The ultraviolet, visible, and i n f r a r e d absorption s p e c t r a of six pdiketones and t h e i r copper (11) chelates a r e presented and d i s c u s s e d in relation t o t h e s t r u c t u r e of t h e s e molecules. I n f r a r e d a s s i g n m e n t s a r e made. The 300-mr~. bands of the m e t a l chelates a r e shown t o be shifted enolate ion absorptions. The o r d e r of magnitude and direction of those shifts a r e predicted c o r r e c t l y by a simple molecular orbital-electrostatic calculation.
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INFLUENCE O F FLUORINE SUBSTITUTION ON T H E P R O P E R T I E S OF M E T A L C H E L A T E COMPOUNDS. 1. C O P P E R (11) CHELATES O F BIDENTATE LIGANDS Introduction
This i s the f i r s t of t h r e e a r t i c l e s dealing with the influence of fluorine substitution in the ligand on the p r o p e r t i e s of m e t a l chelate compounds.
Although the p r i m a r y purpose of t h i s project w a s t o study the influence of fluorine substitution on the p r o p e r t i e s --p a r t i c u l a r l y light absorption --of uranyl compounds, copper chelates w e r e chosen f o r p r e l i m i n a r y study a s m o d e l substances, b e c a u s e they a r e e a s i l y p r e p a r e d . Since a number of fluorinated bidentate ligands a r e available or m a y be r e a d i l y p r e p a r e d , it w a s decided t o investigate copper (11) chelates of t h e s e s u b s t a n c e s f i r s t .
The ligands selected f o r t h i s study a r e r e p r e s e n t e d b y F o r m u l a I, and the corresponding m e t a l chelate compounds b y F o r m u l a 11. The narnes and s t r u c t u r e s of the m e t a l chelate compounds p r e p a r e d a r e given in Table 1 b y defining the substituent groups R and R ' in e a c h c a s e .
Although b i s -acetylacetono -Cu(II) was f i r s t studied e a r l y in the develop - -4 -UCRL 3032 Table I Bidentate ligands and Cu(1P) chelate s -----.
-----------------------. --a F o r m u l a R e f e r e n c e s b Name of Ligand R R " Ligand Cu(I1)Chelate Acetylacetone CH3 CH3
o . . Trifluoroacetylacetone C F 3 CH3 7 , 8 Hexafluor oacetylacet one C F 3 C F 3 10 Ethylacetoacetate CH3 OC2H5 12
Ethyltrifluor oacetoacetate C F 3 OC2H5 e . .
Acetoacetic acid diethylamide CH3 N(C2H5I2 11
a R and R ' r e f e r t o the corresponding groups in F o r m u l a s I and 11.
b Reference numbers r e f e r to footnotes in main body of p a p e r . Of the remaining substances listed in Table I, the and s t i r r e d , 1 -2 g of anhydrous sodium carbonate was added, and the heating w a s continued f o r 15 minutes m o r e , The blue precipitate that had f i r s t appeared when the solutions w e r e mixed was f i l t e r e d off and r e c r y s t a l l i z e d f r o m 50 70 aqueous ethanol. The hot solution was g r e e n , but turned g r e e n i s hblue on cooling, and a robin's-egg-blue alcoholate c r y s t a l l i z e d out. T h e product was filtered and a i r -dried, whereupon it b e c a m e blue -lavender in appearance. The f i n a l yield was 17.1 g, or 9270 of the t h e o r e t i c a l amount.
The compound was found t o be soluble in cold chloroform, toluene, and benzene t o give blue solutions, and is v e r y soluble in hot chPoroform, toluene, and benzene t o give g r e e n solutions. It is not readily r e c o v e r e d f r o m 7 A. Henne, M. Newman, L. Quill, and R. Staniforth, J. A m . Chem. Soc. 69, 1819 Soc. 69, (1947 .
Y C .
Reid and M. Calvin, J. A m . Chem. Soc. 72, 2948 (1 950). t i m e . After the mixture had been allowed t o stand overnight, t h e anhydrous hexafPuoroacetylacetone was s e e n t o s e p a r a t e a s a c o l o r l e s s Piquid over the sulfuric acid, which was deeply colored by decomposed organic m a t e r i a l .
Dehydration of the product was repeated with a f r e s h batch of sulfuric acid,
T h e final product was siphoned off and distilled. It was found that about 98'7'' of the liquid distilled between 70,O and 7 0 . 2~~. Qualitative observation indicated that the liquid has a low viscosity-, low s u r f a c e tension and high vapor p r e s s u r e and that it hydrates rapidly when exposed t o the a t m o s p h e r e i t s density, m e a s u r e d by weighing the liquid delivered f r o m a 0.02-rnl micropipette, was found t o be 1.46 g/rnl.
Analysis: Calc. for C 5 H 2 0 Z F 6 : C , 28.82; H, 0.97. Found: C , ; H, 1 . 1 3 .
Acidic Hydrogen: C a k , mol. wt, 208. Found: 205, B i s -$HexafluoroacetyQacetono) -C u (11) (rMethod TI.
T o 10.0 g %0,05 mole) of cupric acetate dissolved in 150 m l of w a t e r , 25 g (0.1 mole) of hexafluoroacetylacetone dihydrate was added with s t i r r i n g .
The solution turned g r e e n and pale green c r y s t a l s gradually appeared. Upon the slow addition of 25 m l of 4.0 M sodium hydroxide, t h e solution deepened -i n color and the amount of crystalline precipitate i n c r e a s e d . After the r e a c t i o n m i x t u r e was heated on a s t e a m b a t h f o r an hour, i t was cooled and the product was f i l t e r e d off. When it w a s r e c r y s t a l l i z e d f r o m 50% aqueous ethanol, a greenish-yellow solvate consisting of long, flat, radiating needles was obtained. On standing i n a i r , the soPvate decomposed and the needles crumbled, forming a g r e e n finely-divided solid. The product weighed 14.0 g, o r 55% of the t h e o r e t i c a l amount, calculated a s the dihydrate, It was found t o be insoluble in w a t e r , but soluble in ethanol, dioxane, and organic solvents containing polar groups. It sublimed r e a d i l y onto a cold finger i n a drying pistol heated by boiling chloroform, and a m o d e r a t e -s i z e d s a m p l e was collected in five h o u r s . Its melting point was found t o be 135'. A 2,O-g s a m p l e of c u p r i c acetate monohydrate was dissolved in 10 rnl of anhydrous hexafluor oacetylacetone b y boiling f o r five minutes. The e x c e s s reagent was evaporated off, and the r e s i d u e was r e c r y s t a l l i z e d f r o m carbon tetrachloride. The yield of the resulting g r a s s -g r e e n c r y s t a l l i n e product weighed 4.5 g, or 8070 of the t h e o r e t i c a l amount.
B i s -Ethylacetoacetate -Cu (11)
To 10 g (0.05 mole) of cupric a c e t a t e dissolved in 100 m l of hot!5500/0 aqueous ethanol was added 13 g (0.1 m o l e ) of ethylacetoacetate dissolved in 25 m l of ethanol. The m i x t u r e was heated on a s t e a m bath until m o s t of the alcohol had been expelled, and was cooled. The green-blue powder obtained upon filtra.tion and a i r -drying was likely a hydrate, It was r e c r y s t a l l i z e d twice successively f r o m hot ligroin-chloroform m i x t u r e , the f i r s t t i m e yielding a bluish powder, the second, l a r g e g r e e n plates, They m e l t a t 1 9 3 "~ with decomposition, Reaction of diethvlamine with ethyltrifPuoroacetoacetate.
---
T o 50 rnl of anhydrous diethylamine was added dropwise, with s t i r r i n g , T h e m e t a l s a l t gradually dissolved when the r e a c t i o n mixture w a s boiled f o r 10 minutes, and a deep g r e e n solution was f o r m e d . After the solution had b e e n cooled and diluted with a n equal volume of w a t e r , a deep g r e e n crystalline precipitate was isolated. The weight of product obtained was 21 g, o r 86% of the t h e o r e t i c a l yield based on the expected copper (19) chelate. The product w a s r e c r y s t a l l i z e d f r o m a s m a l l amount of chloroform by adding n-heptane.
After f u r t h e r recrystallization f r o m carbon tetrachloride, it was obtained in 
Titrations
All titration c u r v e s w e r e m e a s u r e d with a g l a s s e l e c t r o d e in conjunction with a Beckman pH m e t e r , Frequent checks w e r e made against s t a n d a r d buffer solutions.
Hexafluoroacetylacetone was pipetted and the weight was calculated f r o m the m e a s u r e d density (1.46 g / m l ) . It w a s t i t r a t e d with 0.100 N NaOH.
One sample of P-diethylamino ethyltrifluorocrotonate was t i t r a t e d with 0.385 N HC1. The resulting solution, a t pH 1.9, was allowed t o stand on a few exceptions, the spectroscopic solvent employed was E a s t m a n Kodak No.
S337 s p e c t r o grade chloroform. Sodium-dried B and A reagent -g r a d e e t h e r , distilled w a t e r , Phillips s p e c t r o grade cyclohexane, and absolute methanol w e r e used in the s p e c i a l c a s e s .
Experimental R e s u l t s F i g u r e 1 shows the ultraviolet absorption s p e c t r a of P-diethylamino ethyltrifluorocrotonate in a variety of solvents. The ultraviolet absorption s p e c t r a of the ligands a r e given in F i g s . 2 and 3, and the corresponding s p e c t r a of the copper (11) chelate compounds a r e given i n F i g s . 3 and 4. Table 11 , along with the corresponding appr oxirnate m o l a r extinction coefficients. In c e r t a i n c a s e s the i r r e g u l a r shape of a shoulder of the absorption band indicated probable additional bands adjacent t o and p a r t l y obscured by the p r i m a r y band, Such s u b s i d i a r y bands f o r which i t was possible t o e s t i m a t e approximate frequencies a r e indicated in p a r e n t h e s e s in Table PI .
The i n f r a r e d absorption frequencies a r e listed in Table IPla f o r the ligands and in Table IIIb f o r the corresponding m e t a l chelate compounds.
Were, a l s o , frequencies of v e r y weak o r doubtful bands a r e enclosed in p a r e n t h e s e s .
Titration c u r v e s a r e given in F i g s , 7 and 8. F r o m F i g s . 7 and 8 we e s t i m a t e the pKA for hexafluoroacetylacetone t o be about 4.6; f o r e t h y l t r ifluor ocrotonate -diethylammoniurn ion, about 8 , l .
T a b l e EI Absorption b a n d s of CHCl solutions i n t h e v i s i b l e a n d ultraviolet r e g ' 3 i o n s $6 D i s s o l v e d i n diethyl e t h e r r a t h e r t h a n CHCI3 . Theor. Eq.Wt.=239 s e e m s t o be a n improvement over the method given by Haszeldine et a l . , 10 which involves the t r e a t m e n t of an e t h e r solution of the hydrate with m e t a l l i c sodium. The resulting solution was used f o r synthesis of other m e t a l s a l t s , r a t h e r than f o r the p r e p a r a t i o n of the p u r e diketone. The boiling point r a n g e w a r r a n t the brief d e s c r i p t i o n s given h e r e . The p r e p a r a t i o n of the copper (11) chelate compound of trifluoroacetylacetone given above h a s not been d e s c r i b e d
previously although it h a s apparently been p r e p a r e d by Henne et a l .
In the p r e p a r a t i o n of bis-hexafluoroacetylacetato-Cu(IH) the r e s u l t s of the p r e s e n t investigation indicate t h a t , c o n t r a r y t o the findings of Masseldine et aP. ,
10
t h e m e t a l chelate i s f o r m e d i n the p r e s e n c e s f w a t e r , On the other hand, t h e r e is g e n e r a l a g r e e m e n t i n that the yield of m e t a l chelate s e e m s much higher in nonaqueous m e d i a ,
The reaction of copper (11) acetate monohydrate with p-diethylaminoethyltrifluorocrotonate in boiling ethanol r e s u l t e d in a product f r e e of nitrogen.
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The analytical r e s u l t s checked the t h r o r e t i c a l values of h i s -ethyltrifPuoroacetoacetato-CufII) and --with the exception of s o m e r a t h e r m i n o r differences--the i n f r a r e d and ultraviolet s p e c t r a of the l a t t e r compound a l s o corresponded v e r y closely t o those of the r e a c t i o n product. It s e e m s , t h e r e f o r e , that the diethylamino group was r e p l a c e d by a hydroxy group. That t h i s p r o c e s s of hydrolysis ( o r alcoholysis) m u s t be metal-catalyzed i s shown b y the previously mentioned titration e x p e r i m e n t s ; one should c e r t a i n l y o b s e r v e hydrolysis products b y titration, since the pK of the liberated diethylamine would be A > 11. However, prolonged heating of the f r e e amino crotonic e s t e r in aqueous solutions ranging f r o m n e u t r a l t o quite acid yielded quantitatively the initial undecomposed amine, pKA Y3.1. A likely mechanism f o r metal-catalyzed hydrolysis would involve the hydrate either i n the t r a n s i t i o n s t a t e o r a s Also, t h e r e were no hydroxyl bands in the i n f r a r e d . Since i t i s unlikely that a hydrate of any kind could b e produced without the retention of O-H bonds, t h e conclusion i s inevitable that the analytical r e s u l t s a r e in e r r o r and that t h e chelate i s anhydrous, with a s t r u c t u r e corresponding t o F o r m u l a I.
Another experience would indi cate that hexafluoroacetylacetone anion i s indeed no m o r e than monohydrated. The titration with 0.100 N b a s e ( F i g . '7)
shows hexafluoroacetylacetone t o be a n acid slightly s t r o n g e r than acetic acid.
However, the equilibrium 
t a t i s t i c a l f a c t o r , s e t s a lower limit
' o n the pKA f o r the dihydrate of c a 8. ) The a l t e r n a t i v e r e a c t i o n would s e e m t o be one involving dehydration, CF3C(OH)2CH2C(OH)2CF3 t OH-7 CF3C(OH) = CHZC(OH)2CF3 t H 2 0 .
T h e pKA value observed should then c o r r e s p o n d t o the a c i d s t r u c t u r e i n f a c t , 4.6 would be a reasonable value f o r t h i s enol.
Morgan and M O S S '~ have pointed out that m e t a l chelate compounds of type 11, in which two beta-diketonic r e s i d u e s a r e bound t o a t r a n s i t i o n m e t a l , f o r m stable addition compounds with two other d o n o r s t o give complexes i n which the m e t a l coordinate linkages a r e p r e s u m e d t o have an o c t a h e d r a l
a r r a n g e m e n t . In this investigation no addition compounds w e r e obtained under the conditions employed in the production of b i s -acetylacetono-Cu(I1). However, an unstable solvate, perhaps a l s o a n alcoholate, was f i r s t isolated 
Ultraviolet and Visible Absorption Spectra
All the ultravioPet absorption bands of Pigands in F i g s . 2 and 3 a r e highintensity bands a r i s i n g f r o m e l e c t r o n i c t r a n s i t i o n s i n the conjugated s y s t e m
IV
Such bands a r e s o m e t i m e s called "K" t r a n s i t i o n s . l 6 This enolic s y s t e m , in which R m a y be methyl or trifluoromethyP, and R' m a y be methyl, triflenoromethyl, ethoxy o r diethylamino, i s common t o a l l the ligands investigated.
In F i g , 1, a simple c o m p a r i s o n m a y be made between the s p e c t r a of acetylacetone and i t s t r i f l u o r o and hexafluoro derivatives. The maximum of t h e intense absorption band of acetylacetone i s shifted t o longer wave lengths and f u r t h e r intensified by the substitution of a n electron-attracting t r i f l u o r om e t h y l group a t one end of the conjugated s y s t e m , In t h i s c a s e two i s o m e r i c en01 f o r m s a r e possible
8 T h e influence of the trifluoromethyl group i n c r e a s e s enolization; one may s u r e l y suppose that A has g r e a t e r acidity than B and t h e r e f o r e that B i s likely p r e s e n t in higher concentration than A. The absorption band of ksexafluoroacetylacetone, on the other hand, i s considerably d e c r e a s e d in intensity, while its and Table H I a g r e e with the values r e p o r t e d previously. in this work, however, no secondary absorption band at higher wave length was observed f o r ethyltrifluoroacetoacetate, a s was r e p o r t e d f o r this substance in cyclohexane. l 0 It i s of i n t e r e s t t o note that a n i n c r e a s e in intensity i s produced by a modification of the s t r u c t u r e of ethylacetoacetate, In the trifluoromethyl.
analogue, the effect i s probably due t o a n i n c r e a s e in the degree of enolization of the compound. On the other hand, the intensity i n c r e a s e , accompanied b y a n i n c r e a s e in X observed f o r N, N-diethylacetoacetamide is due t o the m a x 9 effect on a conjugated s y s t e m sf replacing a n electron-domting group, The ultraviolet absorption s p e c t r a of $is-acetylacetowo-Cu(HH), and of its two fluoro analogues, shown i n F i g , 4, show s o m e r e s e m b l a n c e t o those of the ligands themselves, The m a i n absorption band of the keto enoP s e e m s t o be considerably intensified in the chelates, and t o be split m o r e c l e a r l y into double bands. F u r t h e r m o r e , t h e r e s e e m s t o be a w e a k e r K-type band a t lower wave length, although the m a x i m a a r e below the r a n g e of the m e a s u~e m e n t s for the fluorinated chelates.
-B
In r e f e r e n c e t o the shift t o Power frequencies (-2800 crn d e c r e a s e ) 3 of the main ultraviolet band of acetylacetone anion upon r e p l a c e m e n t of H by
cuf'$ it i s interesting t o sea what a crude t h e o r e t i c a l calculation p r e d i c t s .
We calculate, by the LCAO molecular orbital method, an e l e c t r o n distribution f o r the ground and f i r s t excited s t a t e s of acetylacetonate ion. Then, supposing t h e dominant effect of replacing H' b y Cu'* t o be i n c r e a s e d Coularnbic interaction of cation and anion due t o the additional cation c h a r g e , we compute the effect of this change upon the difference in e n e r g y between the ground and t h e f i r s t excited s t a t e .
a , LCAO-MO t r e a t m e n t . We consider the p i -s y s t e m of five pz orbitals We t a k e a m e t h o d sf choosing p a r a m e t e r s which we have prev2ousBy u s e d a n d found s a t i s f a c t o r y f o r computing " r e s o n a n c e e n e s g i e s ' h f oxygenated moPecuPes: P 9 % 3 C = 0 e n e r g y -C -0-e n e r g y -% * H23 C = C e n e r g y -C -C e n e r g y = I . $ We f i r s t g u e s s a t t h e Coulomb i n t e g r a l s : = H;2 = HP1 -2 H23. T h e n the m e t h o d given b y B r a n c h a n d C a l v i n Z o and u s e d b y ,JaffkZ1 a n d o t h e r s t o account f o r t h e induction effect is applied t o c o r r e c t t h e s e t o w h e r e nik-P is t h e n u m b e r of a t o m s b e t w e e n i a n d k . Our c o m p l e t e s e t of Coulomb i n t e g r a l s is = 0; Hg3 = 0.52 HZ3; H P 1 = 1.8 H Z 3 Solution of t h e s e c u l a r equation yields t h e following s e t of e n e r g y l e v e l s a n d o r b i t a l f u n c t i o n s : '%onding and S p e c t r a of M e t a l C h e l a t e s : U l t r a v i o l e t , Visible, I n f r a r e d , a n d E l e c t r o n R e s o n a n c e AbsorptionrP.
G . E. K O B r a n c h a n d M. C a l v i n , "The Theory of O r g a n i c C h e m i s t r y " , P r e n t i c e -Hall, Inc, , New Y ork, New Yosk (11 9 i S l ) , H, W. ~a f f k , 9. @ h e m . P h y s . 20, 279 (1952).
Six e l e c t r o n s would f i l l I, 11, III with resulting ground-state distribution of t h e single anion c h a r g e as follows:
The f i r s t excited s t a t e would have 1 and 1 1 filled, BPI and IV e a c h half-filled, with a resulting c h a r g e distribution b. E l e c t r o s t a t i c effect F r o m the foregoing we take the differences in c h a r g e density between the f i r s t excited and ground s t a t e s f o r the anion and p l a c e a single positive c h a r g e a s shown below:
T h e change of t r a n s i t i o n one unit i s then given b y have the s a m e value and that a l l Coulomb i n t e g r a l s have the s a m e value (i. e. ignoring the differences between carbon and oxygen), cane obtains a calculated shift of AEcapc =-2500 c m -I . Thus i t a p p e a r s that the t r e a t m e n t w e u s e will give the observed direction and o r d e r of magnitude for the shift r e g a r d l e s s of chosen values f o r the i n t e g r a l s (within reasonable l i m i t s , of c o u r s e ) .
F o r the copper (PI) chelates of theg-keto e s t e r s and arnsde i8liustrated in Fig. 3 , the s p e c t r a r e s e m b l e those of the ligands much m o r e closely than is the c a s e with the p-diketones, Mere, a l s o , the effect of the m e t a l is t o intensify the absorption bands of the Bigand and t o shift them to longer wave lengths, It is interesting t o observe the s p e c t r u m , in this r a n g e , of the calcium chelate of ethylacetoacetate (Fig. 3) . It r e s e m b l e s , both in intensity and band placement, that of the corresponding C u chelate. T h i s unmistakably points t o the origin of the ultraviolet bands of the chelates a s t r a n s i t i o n s i n the enolate ions; c h a r g e -t r a n s f e r s p e c t r a would s u r e l y exhibit d r a s t i c changes 2 2 An i n c r e a s e in the acidity of the ligand, and a d e c r e a s e in the affinity f o r Cu(1I) ion, was demonstrated b y Calvin and ~i l s o n 9 t o accompany the replacement of one methyl group of acetylacetone by a strongly e l e c t r o nattracting C F 3 group. It i s believed that the replacement of the second methyl group will f u r t h e r d e c r e a s e the donor power of the Pigand.
It is seen that a l l the copper chelate s p e c t r a in the visible region consist of at least two overlapping absorption bands. We believe that t h e s e a r e t r a n s Scand. 8, 12'75 (1954) . We have noticed that the visible absorption s p e c t r a of s o m e of the Cu (11) chelates exhibit i n t e r e s t i n g solvent effects. These will be r e p o r t e d in another paper.
Infrared Spectra F o r the f r e e Bigands, acetylacetone and the corresponding t r i f l u o r o and hexafluor o analogues, t h e r e i s a n OH stretching vibration indicating strong enolization of one of the carbonyl groups. It is interesting that the influence 
An apparent anomaly, a s s u m i n g the c o r r e c t n e s s of t h e s e tentative a s s i g n m e n t s , i s the influence of C F substitution on the carbonyl f r e q u e n c i e s . 3 In acetylacetone, a shift t o higher frequencies i s observed, w h e r e a s in . ethylacetoacetate t h e r e is a v e r y strong shift t o lower f r e q u e n c i e s . The corresponding shifts of the H-bonded (chelated) carbonyl f r e q u e n c i e s , resulting f r o m fluorine substitution, occur in the s a m e direction and a r e of s i m i l a r magnitude, a s the shifts in the f r e e carbonyl frequencies.
It is i n t e r e s t i n g that no C=C stretching frequencies have been a s s i g n e d -1 The bands observed in the 1300 -t o 1500-cm r e g i o n of the s p e c t r u m m u s t be due t o CH and CH2 deformation vibrations, in a c c o r d a n c e with the 3 observed f r e q u e n c i e s of other compounds.
* Cu Chelate S p e c t r a
The m e t a l chelate s p e c t r a given in Table I11 25 L. J. B e l l a m v and R . F. B r a n c h , J. Chem. Soc. 1954, 4491 .
L b
J. Lecompte, Discussions F a r a d a y Soc. 1950, No. 9, 125 . 2 7 C . Duval, R. F r e y r n a n and J. Lecompte, Bull. Soc. Chim. F r a n c e , Thus the chelate carbonyl absorptions of bis -acetyPacetono-Cu(II), b i strifluoroacetylacetono-Cu(Il[), and of b i s -1tnexafPuoroacetyPacetono-Cu(PI), occur at 1582, 1615, and 1643 c m -1 3 respectively. T h e r e s e e m s t o be an i n c r e a s e in frequency of the carbony1 band a s the stability of the m e t a l chelate d e c r e a s e s . Thus, decreased interaction of the metal with the carbonyl groups r e s u l t s f r o m increased fluorine substitution in the molecule.
The frequencies of the C=C s t r e t c h vibrations, on the other hand, a r e increased only slightly a s methyl groups a r e replaced by trifluoromethyl groups. In the case of bis-SaexafluoroacetyPacetono-Cu(P1) t h e r e i s a n -1 additional band at 1565 c m which i s difficult t o assign; it i s likely a l s o due to C = C stretch.
The e s t e r and amide chelate compounds, PV-Cu, V-Cu, and VI-Cu, s e e m t o have double chelate carbonyl bands, corresponding t o the ketonic -1 carbonyl and the e s t e r o r amide carbony1 of the ligands. The 1600 cm band of the ethylacetoacetate chelate has been assigned t o the e s t e r carbony1 chelated t o the Cu(I1) ion, and the lower-frequency band at 1555 cm'l must correspond to the chelated ketonic carbonyl group. The frequencies of both -1 these bands a r e therefore strongly shifted (-150 crn ) t o lower frequencies b y coordination with the m e t a l ion. Another band at 1538 cm-' is assigned t o a C = C stretch vibration, analogous to the corresponding bands in the acetylacetone derivatives.
The frequency assignments made for b i s -ethyPtrifluoroacetoacetato-Cu(II)
a r e completely analogous, w i t h the exception that a l l the frequencies a r e somewhat higher than those of the ethylacetoacetate chelate. The shift to higher frequencies i s much greater for the chelated ketonic carbonyl than f o r the chelated e s t e r carbonyl, a s would be expected f r o m the position of the trifluoromethyl group. The C=C s t r e t c h frequency undergoes the smallest shift. The carbonyl frequencies of the N, N-diethylacetoacetamide chelate a r e considerably lower than f he corresponding values f o r the e s t e r s , and coordination with the m e t a l ion r e s u l t s in a s m a l l e r frequency d e c r e a s e ("75 cm") f o r the amide than was observed Tor the corresponding e s t e r s .
As in the case of the f r e e Bigands, a number of the absorption bands in -1 the 1300-to 1500 -c m region must be due t o CHZ and CH3 deformations.
Many of these bands a r e missing, however, because of the interference of two strong nujol bands in this region of the spectrum.
The authors would emphasize that s o m e of their a s s i g n m e n t s of i n f r a r e d frequencies m a y be in e r r o r ; especially where two o r m o r e bands lie f a i r l y close together, it is often impossible to decide how the likely assignments f o r that region should be distributed among them. However, it i s felt that the g e n e r a l f e a t u r e s of these s p e c t r a and the s t r u c t u r e inferences drawn f r o m them cannot b e g r o s s misinterpretations. The a s s i g n m e n t s have been examined quite carefully f o r consistency with known s p e c t r a whose interpretations a r e c l e a r . A p a r a l l e l i n f r a r e d s p e c t r a l study of the ligands and t h e i r chelates with appropriate isotopic substitutions might prove valuable in making assignments.
